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Abstract
In this work we study rapidly rotating stars by considering the Rastall theory of gravity. We
obtain and solve the equations by numerical methods for two usual parametrization of polytropic
stars. Then the mass-radius relations, moments of inertia and other results of interest are obtained
and compared with the ones for non-rotating stars.
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I. INTRODUCTION
Despite the success of General Relativity (GR) that may be considered a fundamental
element in the formulation of physics and has been confirmed by many experimental tests,
as for example in the recent measurements of gravitational waves by the collaborations
Virgo and LIGO (Laser Interferometer Gravitational-Wave Observatory) [1, 2], and the
even more recent obtaining of the first image of a black hole by the project Event Horizon
Telescope [3], there are still open questions that need to be understood. For instance, GR
cannot account for the accelerating expansion of the universe and the rotation curves of
galaxies without the introduction of unexplained elements, in this case: dark energy and
dark matter, respectively. Due to these seeming limitations, it can be interesting to study
if modified theories of gravitation may offer a solution to these questions or at least provide
a way to improve our understanding of the theory.
Because of their very high mass density, compact stars can be highly relativistic objects
and thus are good candidates for the study of the effects of modified theories of gravity. There
are many studies of modified gravity theories for static stars like in [4–9], just to mention a
few, but the studies of this theories on slowly [10–15] and rapidly rotating [16–22] stars are
still few. From the astrophysical point of view it is important to study rotating stars, since
almost all the precise mass measurements of neutron stars that we have nowadays comes
from rotating pulsars in binary systems [23], that can rotate up to 716Hz [24], in addition,
it have been theorized that magnetars can born rapidly rotating [25, 26]. Furthermore, the
recent observation of gravitational waves from a compact binary coalescence involving a
compact object with a mass within the mass gap of 2.5 − 5M [27], led to investigations
about the role that rotation and modified theories of gravity combined with a variety of
equations of state could play in this observation [28–35].
On the other hand, there are many important studies on rotating stars, as for example
in [36, 37] where an useful method of solution of the equations is proposed and many results
have been obtained for the considered stellar models, that are essentially based on polytropic
equations of state.
In recent years, the theory of gravity proposed by Peter Rastall [38], has gained growing
interest, with studies of the implications of this theory in the context of black holes [39–
43], thermodynamic of black holes [44–46], wormholes [47, 48], for cosmological scenarios
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[49–52] as well as some proposals of generalizations of the Rastall’s gravity [53, 54] and of
combining this theory with others modifications of GR [9, 55, 56] and in particular in the
study of compact objects [7, 9, 57–62], but we still lack a study of the effects of Rastall’s
theory on rotating stars.
So, in this work, we will consider these elements in order to formulate a model for rotating
stars in the Rastall theory. This paper has the following contents: In Sec. II the formulation
of the equations for rotating stars in the GR is done, in Sec. III a brief review of the Rastall
theory is shown and in Sec. IV, the formulation of the equations for rotating stars considering
the Rastall theory. In Sec. V some aspects of the numerical method are discussed, in Sec.
VI the results are presented and in Sec. VII we draft our conclusions.
II. ROTATING STARS IN GENERAL RELATIVITY
In this section we are going to present the equations that describe a rapidly rotating star
in the framework of the GR and also how to solve them by considering the method developed
by Komatsu, Eriguchi and Hachisu (KEH) [36].
In order to describe the space-time of a rotating star in equilibrium it is possible to
consider a stationary axially symmetric metric gµν such as the one presented in [36, 63, 64].
The line element can be written in terms of spherical coordinates (t, r, θ, φ), as follows:
ds2 = −e2νdt2 + e2α (dr2 + r2dθ2)+ e2βr2 sin2 θ (dφ− ωdt)2 , (1)
where α, β, ν and ω are the metric potentials which in the proposed formulation depend
only on r and θ. The potential ω represents the dragging of local inertial frames, also
called Lense-Thirring effect [65, 66]. All equations in this work are going to be presented in
geometrized units, that is, c = G = 1.
The matter in the stellar interior will be supposed to be a perfect fluid that can be
represented by the energy-momentum tensor
T µν = pgµν + (ε+ p)UµUν , (2)
where  and p are the energy density and the pressure, respectively, gµν is the metric tensor
relative to equation (1) and Uµ is the four-velocity of the fluid that has the form [36]
Uµ =
dxµ
dτ
=
e−ν√
1− v2 (1, 0, 0,Ω) , (3)
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where Ω is the angular velocity of an element of mass of the star with respect to a static
observer at infinity, and v is the 3-velocity in the referential frame of an observer locally
without rotation, usually called ZAMO (zero momentum angular observer), and is given by
v = (Ω− ω) r sin θeβ−ν . (4)
By considering the line element in equation (1), the energy-momentum tensor in equation
(2), and the usual Einstein field equations of GR
Rµν − 1
2
gµνR = 8piTµν , (5)
we obtain, after some algebra, the following expressions [36]
∇2 (ρeγ/2) = Sρ (r, µ) , (6)
(
∇2 + 1
r
∂
∂r
− 1
r2
µ
∂
∂µ
)
γeγ/2 = Sγ (r, µ) , (7)
and
(
∇2 + 2
r
∂
∂r
− 2
r2
µ
∂
∂µ
)
ωe(γ−2ρ)/2 = Sω (r, µ) , (8)
where we considered the definitions
µ = cos θ, (9)
γ = β + ν, (10)
and
ρ = ν − β, (11)
then we have
∇2 = ∂
2
∂r2
+
2
r
∂
∂r
+
1
r2
∂
∂µ
(
(1− µ2) ∂
∂µ
)
+
1
r2(1− µ2)
∂2
∂φ2
, (12)
Sρ(r, µ) =
[
eγ/28pie2α (ε+ p)
1 + v2
1− v2
+ r2(1− µ2)e−2ρ
[
ω2,r +
1
r2
(
1− µ2)ω2,µ]+ 1rγ,r − 1r2µγ,µ
+
ρ
2
{
16pie2αp− γ,r
(
1
2
γ,r +
1
r
)
− 1
r2
γ,µ
[
1
2
γ,µ
(
1− µ2)− µ]}] ,
(13)
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Sγ (r, µ) = e
γ/2
{
16pie2αp+
γ
2
[
16pie2αp− 1
2
γ2,r −
1
2r2
(
1− µ2) 1
2
γ2,µ
]}
, (14)
and
Sω (r, µ) =e
(γ−2ρ)/2
[
−16pie2α (Ω− ω) (ε+ p)
1− v2
+ ω
{
−8pie2α [(1 + v
2) ε+ 2v2p]
1− v2 −
1
r
(
2ρ,r +
1
2
γ,r
)
+
1
r2
µ
(
2ρ,µ +
1
2
γ,µ
)
+
1
4
(
4ρ2,r − γ2,r
)
+
1
4r2
(
1− µ2) (4ρ2,µ − γ2,µ)
−r2 (1− µ2) e−2ρ [ω2,r + 1r2 (1− µ2)ω2,µ
]}]
.
(15)
In this work, we are going to use the KEH method shown in [36] in order to solve
these equations. This method consists mainly in using the appropriated Green functions to
transform the equations (13), (14) and (15) into integral equations, in the following way:
ρ = −e−γ/2
∞∑
n=0
P2n (µ)
∫ ∞
0
r′2f 22n (r, r
′)
∫ 1
0
P2n (µ
′)Sρ (r′, µ′) dµ′dr′, (16)
γ = − 2e
−γ/2
pir sin θ
∞∑
n=1
sin (2n− 1) θ
2n− 1
∫ ∞
0
r′2f 12n−1 (r, r
′)
∫ 1
0
sin (2n− 1) θ′Sγ (r′, µ′) dµ′dr′, (17)
ω = −e
(2ρ−γ)/2
r sin θ
∞∑
n=1
P 12n−1 (µ)
2n (2n− 1)
∫ ∞
0
r′3f 22n−1 (r, r
′)
∫ 1
0
P 12n−1 (µ
′)Sω (r′, µ′) dµ′dr′, (18)
where Pn are the Legendre polynomials, P
m
n are the Associated Legendre functions and f
1
n
and f 2n are given by
f 1n (r, r
′) =
 (r′/r)
n , if r′ ≤ r,
(r/r′)n , if r′ > r,
(19)
f 2n (r, r
′) =
 r′n/rn+1, if r′ ≤ r,rn/r′n+1, if r′ > r. (20)
An useful feature of the KEH method is that the asymptotic flatness condition for the
potentials ρ, γ and ω will be readily satisfied provided that the functions Sρ, Sγ and Sω be
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well behaved. We also will have an equation for the α potential, that is given by
α,µ =− ν,µ −
{(
1− µ2) (1 + rB−1B,r)2 + [µ− (1− µ2)B−1B,µ]2}−1[
1
2
B−1
{
r2B,rr −
[(
1− µ2)B,µ],µ − 2µB,µ} [−µ+ (1− µ2)B−1B,µ]
+ rB−1B,r
[
1
2
µ+ µrB−1B,r +
1
2
(
1− µ2)B−1B,µ]
+
3
2
B−1B,µ
[−µ2 + µ (1− µ2)B−1B,µ]− (1− µ2) rB−1B,µr
(1 + rB−1B,r)− µr2 (ν,r)2 − 2
(
1− µ2) rν,µν,r + µ (1− µ2) (ν,µ)2
− 2 (1− µ2) r2B−1B,rν,µν,r + (1− µ2)B−1B,µ [r2 (ν,r)2
− (1− µ2) (ν,µ)2]+ (1− µ2)B2e−4ν {1
4
µr4 (ω,r)
2 +
1
2
(
1− µ2) r3ω,µω,r
− 1
4
µ
(
1− µ2) r2 (ω,µ)2 + 1
2
(
1− µ2) r4B−1B,rω,µω,r
−1
4
(
1− µ2) r2B−1B,µ [r2 (ω,r)2 − (1− µ2) (ω,µ)2]}] ,
(21)
where
B = eγ = eβ+ν . (22)
To integrate equation (21) we use the boundary condition
α(r, 1) = β(r, 1), (23)
that can be found by using the requirement of flatness on the axis of rotation. The function α
will satisfy the asymptotic flatness condition because the other potentials already satisfy this
condition [36]. In addition to the field equations, we also need the equation of hydrostatic
equilibrium in order to have a complete set of expressions that describes our system. This
equation is found by imposing the conservation of the energy-momentum tensor with
T νµ;ν = 0. (24)
Computing the above equation with the energy-momentum tensor of equation (2) we
encounter
∇p
(ε+ p)
= ∇ lnU t − U tUφ∇Ω. (25)
To integrate this equation we need a law of rotation that tells us how the star behaves.
With this purpose we are going to work with an uniform rotation that means a constant
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value to the angular velocity Ω, so that, ∇Ω = 0. In order to describe the stellar matter we
also need an equation of state (EoS), and in this paper we will employ a polytropic one of
the same type of the one used in [36, 37, 67]
p = Kε1+1/N , (26)
where K is a constant and N is the polytropic index. With these considerations we can
integrate equation (25) in order to find
(
Kε1/N + 1
)(N+1)
eν
√
1− v2 = C, (27)
where C is a constant.
So that we can solve numerically the set of equations obtained above we have to fix two
parameters [36]. One of these parameters may be the central energy density c, or alterna-
tively, the ratio of the maximum pressure to the maximum energy density κ = pmax/max.
The other parameter we may fix is the axis ratio q = Rp/Re, where Rp is the polar radius
and Re is the equatorial radius, or alternatively, we may fix the angular velocity Ω.
In the next section we present the modification in GR that was proposed by Peter Rastall
in 1972, that will be considered in the calculations of Sec. IV.
III. RASTALL GRAVITY
In his proposal of generalization of Einstein’s theory of gravity [38], Rastall abandons the
assumption of conservation of the energy-momentum tensor in curved space-times, equation
(2), and proposes that this non-conservation is related to the space-time curvature, so that
the following equation is suggested:
T νµ;ν = λ
′R,µ, (28)
here, for convenience, we chose λ′ = λ/(k (4λ− 1)), where λ and k are constants, and R
is the Ricci scalar. From the above equation we can see that λ cannot assume the value
λ = 1/4, because at this point we have an divergence. It is straightforward to show that the
above expression is consistent with the field equations
Rµν − 1
2
gµνR = k
(
Tµν − λ
k (4λ− 1)gµνR
)
, (29)
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and if we take the trace of this expression we find
R = k (4λ− 1)T. (30)
Therefore, we can rewrite equation (28) in the following way
T νµ;ν = λT,µ, (31)
and after substituting the relation shown in (30) in eq. (29), we get
Rµν − 1
2
gµνR = kτµν , (32)
where
τµν = Tµν − λgµνT. (33)
We can notice that equation (32) is equivalent to Einstein field equations but with an
effective energy-momentum tensor. It is also interesting to notice that the effective energy-
momentum tensor is conserved, that is
τ νµ;ν = 0. (34)
In order to determine the value of the constant k, in the next section, we are going to
take the Newtonian limit of Rastall field equations.
A. Newtonian Limit
In this section, we take the Newtonian limit of equation (29) and end up finding the value
of the constant k. In this limit, we want to recover the Poisson equation, that is given by
∇2φ = 4piρ, (35)
where φ is the gravitational potential and ρ is the mass density. In the weak field and low
velocity regime, the metric tensor gµν can be replaced by the Minkowski tensor ηµν . Also in
this regime, the energy density Ttt is equal to the mass density ρ, so that the (tt) component
of equation (29) will be written in the following way
Rtt +
2λ− 1
2 (4λ− 1)R = −kρ. (36)
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Using the approximation R ≈ Rii −Rtt, we can find the relation
R = 2
4λ− 1
2λ+ 1
Rtt, (37)
and replacing it in equation (36), we find
Rtt = −1
2
(2λ+ 1) kρ. (38)
Finally, knowing that Rtt ≈ −∇2φ [68], we can find that the value of k will be given by
k =
8pi
2λ+ 1
. (39)
We can verify that, as it would be expected, taking the limit of λ → 0, we will recover
the value of k in GR, that is, k = 8pi. Equation (39) also show us that besides λ = 1/4, we
also cannot have λ = −1/2 because at this point there is also a divergence.
In the next section, we are going to show how the equations for a rapidly rotating star
presented in Section 2 are modified by Rastall’s theory.
IV. ROTATING STARS IN RASTALL GRAVITY
In this section we show how the equations of the KEH method for a rotating star can
be written in Rastall’s theory. As we can see from equation (32), in order to find the field
equations for Rastall’s gravity we have to compute the effective energy-momentum tensor.
Starting from equation (33) we can show that in this case the effective energy-momentum
tensor will be given by
τµν = pefgµν + (pef + εef )UµUν , (40)
where
pef =p (1− 3λ) + λε, (41)
εef =ε (1− λ) + 3λp, (42)
and the metric tensor gµν and four-velocity Uµ are the same ones used in GR, given respec-
tively by equations (1) and (3). Now if we calculate the equations (32) we are going to
conclude that the equation (21), for the potential α, will still be the same because this equa-
tion does not depend on the energy-momentum tensor. On the other hand, the equations
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(13), (14) and (15) for the potentials ρ, γ and ω will be almost the same, the only difference
being that now the functions Sρ, Sγ and Sω are going to be modified in the following way:
Sρ(r, µ) =
[
eγ/2ke2α (ε+ p)
1 + v2
1− v2
+ r2(1− µ2)e−2ρ
[
ω2,r +
1
r2
(
1− µ2)ω2,µ]+ 1rγ,r − 1r2µγ,µ
+
ρ
2
{
2ke2αpef − γ,r
(
1
2
γ,r +
1
r
)
− 1
r2
γ,µ
[
1
2
γ,µ
(
1− µ2)− µ]}] ,
(43)
Sγ (r, µ) = e
γ/2
{
2ke2αpef +
γ
2
[
2ke2αpef − 1
2
γ2,r −
1
2r2
(
1− µ2) 1
2
γ2,µ
]}
, (44)
and
Sω (r, µ) =e
(γ−2ρ)/2
[
−2ke2α (Ω− ω) (ε+ p)
1− v2
+ ω
{
−ke2α
[
(1 + v2) (ε+ p)
1− v2 − pef
]
− 1
r
(
2ρ,r +
1
2
γ,r
)
+
1
r2
µ
(
2ρ,µ +
1
2
γ,µ
)
+
1
4
(
4ρ2,r − γ2,r
)
+
1
4r2
(
1− µ2) (4ρ2,µ − γ2,µ)
−r2 (1− µ2) e−2ρ [ω2,r + 1r2 (1− µ2)ω2,µ
]}]
.
(45)
Here it is interesting to notice that pef + εef = p+ ε, so that we can change from the sum
of the effective functions to the sum of the usual ones when it is more convenient. Now we
compute the law of conservation from equation (31), so that we obtain the relation
∇pef
(ε+ p)
= ∇ lnut − utuφ∇Ω. (46)
If we once again assume uniform rotation and a polytropic EoS, the integration of the
above equation will result in
(N (1− 4λ) + (1− 3λ)) ln (Kε1/N + 1)+ λ ln (ε) + ν + 1
2
ln
(
1− v2) = C. (47)
In this work we will analyse the mass radius relation and for this purpose we are going
to calculate the Komar mass [69, 70], that for stationary, asymptotically flat space-times
is the same as the ADM mass [64, 71, 72] and that is also referred as the total mass or
gravitational mass in some works [36, 73]. It is possible to show that the total mass of the
star can be given by the following expression in our system:
M =
1
2λ+ 1
∫ (−2τ tt + τσσ)√−g d3x. (48)
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If we compute the above expression for our equations, we obtain
M =
4pi
2λ+ 1
∫ pi/2
0
∫ Re
0
e2α+β
[
eν
(
(+ p) (1 + v2)
1− v2 + 2pef
)
+
2r sin θ ωeβ
(+ p) v
1− v2
]
r2 sin θ drdθ,
(49)
where Re is the equatorial radius. It is important to notice that the radial coordinate of our
metric, given by equation (1), is not the same as the radial coordinate of the Schwarzschild
metric [37]. The equatorial radius in the Schwarzschild metric R
(Sch)
e is related to the
equatorial radius Re of our metric by the expression
R(Sch)e = Re
(
1 +
M
2Re
)2
. (50)
This relation is important so that we can correctly compare our results with those ob-
tained for a static star. We will also analyse the moment of inertia I, that can be given by
the ratio between the angular momentum J and the angular velocity Ω,
I =
J
Ω
, (51)
where the angular momentum J in our case is given by
J =
1
2λ+ 1
∫
τ tφ
√−g d3x. (52)
If we compute this expression with the equations given above we obtain
J =
4pi
2λ+ 1
∫ pi/2
0
∫ Re
0
(+ p) v
1− v2 e
2α+2βr3 sin2 θ drdθ. (53)
We have performed our calculations for two types of relevant sequences of solutions, one
for the set of static stars and the other one for the set of stars rotating at the mass shedding
limit, also called Kepler limit. This limit is reached when the angular velocity of an element
of fluid at the star boundary at the equator Ω(Re, pi/2) is the same as the angular velocity
of a free particle in circular orbit ΩK in this same point. The Kepler limit ΩK is given by
the relation [64]
ΩK =
ω + r∂rω
2(1 + r∂rβ)
+
√(
r∂rω
2(1 + r∂rβ)
)2
+
e2(ν−β)∂rν
r(1 + r∂rβ)
∣∣∣∣∣∣
r=Re,θ=
pi
2
. (54)
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V. NUMERICAL METHOD
We have constructed our numerical code following the method shown in [36], with the
implementation of the equations modified by Rastall’s gravity. We also implemented a mod-
ification suggested in [74, 75] that improves the solution of the potential α. The numerical
procedure starts by providing an initial approximation for the potentials and the energy
density, in order to obtain this approximation we have followed the approach presented in
[37]. A more detailed description of the KEH method can be found in [36, 64, 73]. For
obtaining the solutions for the static sequences we have implemented a modification of the
same code used in [9], that is based on Runge-Kutta method.
We have checked our results for the GR limit by setting λ = 0 and comparing with the
correspondent results, and we also checked the non-rotating limit by making Ω → 0 and
comparing our results with the ones for static stars. In both cases we have encountered
great agreement between the solutions.
VI. RESULTS
In this section we are going to analyse the numerical results of our equations for rotating
stars in Rastall gravity. We will work with two polytropic equations of state, given by
equation (26). In the first one, that we will refer to by EoS1, we have chosen N1 = 1.5 as
in [76, 77] and K1 = 125269.51, and in the second one, EoS2, we choose N2 = 0.7463 as in
[16, 19] and K2 = 3.25 × 1011, in both cases the constant K is in geometrized units. We
have considered four different values of the parameter λ: 0, that is, the GR case, 5× 10−4,
1× 10−3 and 5× 10−3. In our figures the curves with solid line represent the mass shedding
sequences and the dash-dot curves represent the static sequences.
In Figure 1 we show the mass-radius relation, we can see that in all sequences analysed
the parameter λ affects more intensely the radius of the stars, increasing its value, while the
masses are changed more weakly. As already observed, for the non-rotating sequences [9, 50],
the maximum mass is lightly increased, but for stars rotating at the mass shedding limit,
the effect is the opposite, that is, the maximum mass is lightly diminished. It is possible
to notice that the effect of Rastall’s modification is more intense on the EoS1, that can be
considered a more soft EoS, and also the effect of this parameter is more intense in the static
12
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FIG. 1: The mass-radius relation for sequences of non-rotating stars (dash-dot curves) and
for stars rotating at the mass-shedding limit (solid line curves). The curves for λ = 0
correspond to the GR case.
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FIG. 2: The mass as a function of the central energy density for sequences of non-rotating
stars (dash-dot curves) and for stars rotating at the mass-shedding limit (solid line curves).
The curves for λ = 0 correspond to the GR case.
stars. It is also interesting to notice that EoS2 produces a mass-radius curve similar to the
curves for quark stars in the GR case, but this same EoS produces curves similar to neutron
star mass-radius curves in Rastall’s gravity for both the static and rotating stars.
In Figure 2 we can see the relation between mass and central energy density, this figure
also shows that Rastall’s gravity has opposite effects in the masses of the static stars and
stars at the Kepler limit. For the static sequences an increase in the parameter λ produces
also an increase in the mass of stars with the same central energy density. But for the
mass shedding sequences Rastall’s gravity produces stars with smaller masses than GR for
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FIG. 4: The Moment of inertia as a function of the mass for sequences of stars rotating at
the mass-shedding limit. The curves for λ = 0 correspond to the GR case.
the same central energy density. This can be better understood when we analyse the next
figure, Figure 3, where we show the relation between ΩK and the central energy density.
It is possible to observe that the maximum angular velocity with which a star can rotate
before starting to lose mass in GR is greater than in Rastall’s gravity, for the same central
energy density, and the higher the value of λ the lower the value of ΩK .
The moment of inertia is an important physical quantity to be analyzed, as it can be
an effective way of ascertaining the internal structure of the star, that is, its EoS [23]. In
Figure 4 we can see how this quantity is affected by Rastall’s gravity. In general, the theory
of Rastall diminishes the value of I, but for some smaller masses the behaviour of the I×M
curve in Rastall’s gravity diverges from the one found in GR. Here we can also note that
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the modified theory of Rastall has a greater effect on EoS1 than on EoS2.
Lastly we analyzed in Figure 5 the effect of Rastall’s modification on the gtt term of the
metric for stars rotating at the mass shedding limit ΩK . In the left panel, all four curves
are for stars with central energy density of c/c
2 = 2.3 × 1015g/cm3, and on the right side
all curves have c/c
2 = 2.4 × 1015g/cm3. We can observe that in both EoSs the effect of
increasing the parameter λ is to decrease the deformation in space-time, but in the same
way as in the other quantities analysed, the effect of Rastall’s is smaller for the second EoS.
VII. CONCLUSIONS
In this work we have studied rapidly rotating compact stars in the Rastall modified theory
of gravity. We solved numerically the field equations obtained using the KEH method, by
applying the necessary modifications. We employed a polytropic EoS which two different
choices of parameters that are widely used in the literature, the first EoS referred as EoS1
can be considered a soft EoS and has maximum mass around 1.4M in the static case, the
second one, EoS2, that can be considered a representative of a more stiff EoS, has maximum
mass above 2M in the non-rotating case. Three values for the constant λ were implemented,
λ = 5× 10−4, 1× 10−3 and 5× 10−3, beyond the value λ = 0 that correspond to GR case,
and it was assumed an uniform rotation.
The properties of the solutions found were calculated and examined for the situations of
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interest. In all cases the analysed properties of stars with EoS2 were less affected by the
increasing of the Rastall’s parameter than the ones with EoS1.
We have investigated the mass-radius relation associated to rapidly rotating compact
stars and static stars. In particular, our results for the static case coincided with the ones
found in literature. In the case of stars rotating at the Kepler limit, we observed that the
maximum mass slightly decreases while in the non-rotating case it slightly increases, and in
both situations the radius of the stars is increased.
We also have explored the relations of the mass and the angular velocity at the Keplerian
limit with the central energy density, and we concluded that as we increase the Rastall’s
parameter both the mass and the angular velocity at the Keplerian limit decrease for stars
with the same central energy density. Moreover, we examined the effect of Rastall’s theory
on the relation between the moment of inertia and the mass, and we could see that in general
the effect of increasing the parameter λ is shifting the I×M curves down and left. However,
in some cases for the Rastall theory, there is a deviation in this behavior and the moment
of inertia begins to increase as the mass decreases, we believe this behavior occurs because
for stars with small masses the effect of Rastall’s gravity to increase the radius can be quite
intense.
Our last analysis was about how the component gtt of the metric tensor changes due do
Rastall’s gravity, we can infer that the behavior of this quantity is a consequence of the
previous results. Since the effect of increasing the parameter λ is to produce stars that have
smaller masses, larger radius and that rotate more slowly, it is expected that the deformation
in space-time is smaller, as we can see in Figure 5.
Since this is just a first study of the effects of Rastall’s gravity on rapidly rotating compact
stars, in the future it would be interesting to amplify the investigation of rotating stars in
this modified theory of gravity. One way to do that is by applying more realistic EoSs,
another possibility is analysing the scenario of differential rotation, a study of the I-Love Q
relations in the context of Rastall’s gravity would also be pertinent.
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